Background : Myotonic dystrophy type 1 (DM1) is an autosomal-dominant muscular dystrophy caused by expansion of cytosine-thymine-guanine (CTG) trinucleotide repeats in the myotonic dystrophy protein kinase (DMPK) gene. The clinical features of DM1 are multisystemic and highly variable, and the unstable nature of CTG expansion causes wide genotypic and phenotypic presentations. The aim of this study was to characterize the molecular and clinical spectra of DM1 in Koreans.
Methods : The CTG repeats of 283 Korean individuals were tested by PCR fragment analysis and Southern blot. The following characteristics were assessed retrospectively: spectrum of CTG expansions, clinical findings, genotype-phenotype correlation, anticipation, and genetic instability.
Results : One-hundred twenty-four patients were confirmed as DM1 by molecular tests, and the CTG expansions ranged from 50 to 2,770 repeats (median 480 repeats). The most frequent clinical features were myotonia, muscular weakness, and family history. Patients with muscular weakness or dysfunction of the central nervous system harbored larger CTG expansions than those without each symptom (P<0.05). The age of onset was inversely correlated with the size of the CTG expansion ( γ =-0.422, P<0.001). The instability of CTG expansion representing as the maximum difference between sibships was observed from 50 to 700 repeats in nine families. Clinical anticipation and the increase in CTG repeat were significantly higher in maternally transmitted alleles (P=0.002).
Conclusions : Molecular genetic tests are not only essential for diagnosis, but also helpful for suggesting the spectrum and relationship between genotype and phenotype in Korean DM1 patients. gene on chromosome 19q13.3 [2] . The repeat length is polymorphic in the normal population, but expansion exceeding 50 repeats causes the disease. In the pathogenesis of DM1, expansion in the noncoding region is thought to interfere with transcription, RNA processing, or translation [3, 4] . The size of the CTG repeat in the DMPK gene can be estimated by a PCR analysis for sizes up to 100 repeats, and by a Southern blot analysis for over 100. The overall detection rate was reported 100% by these two methods, hence molecular analysis is essential for definite diagnosis.
The overall worldwide prevalence of DM1 is estimated to be approximately 5 to 20 out of every 100,000 people [5] .
Although DM1 is not a rare neuromuscular disorder in Kore- 
MATERIALS AND METHODS

Patients and clinical parameters
Molecular analysis
1) DNA extraction
Informed consent was obtained from each subject and then peripheral blood was drawn into an EDTA tube. Genomic DNA was extracted from whole blood using the PureGene DNA Isolation kit (Gentra Systems, Minneapolis, MN, USA).
2) PCR and fragment analysis
The CTG repeat region in the DMPK gene was amplified by PCR to determine the sizes of normal or minimally expanded trinucleotide repeats (less than 500 bp). Primers Expanded mutant allele larger than ~10 kb was observed in lanes 1 and 2 (marked by asterisk). The expansion of CTG repeats was also suspected in lane 3 (marked by arrow), but not clearly discriminated from a normal band of ~10 kb length. In autoradiogram (b), two normal bands of ~0.8 kb and ~1.2 kb were observed in each lane, and an additional expanded band was observed in lanes 1, 2, and 3. The expanded alleles were estimated as ~690 repeats in lane 1 and ~980 repeats in lane 2. An expanded allele of 75 repeats observed in lane 3 was also determined by PCR and fragment analysis (data not shown). Therefore, these three patients were diagnosed as DM1. Lane 4 was an unaffected individual, heterozygous for 6 and 12 CTG repeats (data from PCR and fragment analysis, not shown). PstI. The targeted CTG expansion is shown in Fig. 1 with the hybridization probe and the restriction endonuclease sites.
4) Molecular diagnosis
The CTG repeats size in each allele was determined from the fragment lengths from PCR and Southern blot (Fig. 2) .
The genetic diagnosis was based on the guidelines of the International Myotonic Dystrophy Consortium [6] .
Genotype-phenotype analysis
The 
Assessment of instability and anticipation
To assess the instability of expanded CTG repeat through transmission, nine DM1 families were selected and the size of repeats was compared between siblings who inherited the same progenitor allele. Anticipation and contraction
were assessed in 20 parent-offspring pairs by CTG expansion size and by clinical features. Anticipation according to parent sex was analyzed by the Mann-Whitney test.
Statistical analysis
The CTG expansion of each group was expressed as median and range. In each test, a P value of less than 0.05 was considered statistically significant. Analyses were performed using SPSS for Windows version 12.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Molecular diagnosis results
A total of 124 patients out of 283 individuals (43.8%) were diagnosed as DM1 by molecular methods (Fig. 2) , and one individual harbored a premutation allele of 35 CTG repeats.
These 124 DM1 patients included 71 males, 52 females, and a fetus. They consisted of 97 unrelated probands and their 27 family members. Eighteen families had two or more patients confirmed, and are shown in pedigrees (Fig. 3) .
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So Yeon Kim, Ji Yeon Kim, Gyoung Pyoung Kim, et al. were in the range of classic phenotype, between 100 and 1,000 repeats [6] . Case with the CTG expansions over 2,000
repeats was rare (0.8%). One case was found with 35 CTG repeats in the premutation range. The accurate frequency of premutation alleles could be determined by an additional population study due to their asymptomatic nature.
For all 124 patients, the median size of the CTG repeat 
Clinical findings and genotype-phenotype correlation
Clinical records were evaluated in 105 DM1 patients. were significantly larger in patients with muscular weakness than in the group without weakness. This difference was also evident between patients with and without a developmental delay or CNS dysfunction (Table 2) .
In muscle biopsy, pathologic findings consistent with DM1
were observed in 82.6% of the specimens. Findings in 95.8%
of electromyography were consistent with DM1. However, the severity of myotonic discharge subgrouped by three classes, seven mild cases, seven moderate, and one severe case, and the length of CTG expansion showed no significant relationship. The level of serum CK was abnormally high in 34.0% of the patients tested, but no relationship was observed between the CK level and the CTG repeat size ( γ =-0.072, P>0.05). In contrast, the age of onset showed a relationship with CTG expansion. Among 83 patients, the age of onset was inversely correlated with the size of CTG repeats ( γ =-0.422, P<0.001) (Fig. 5) , and the relationship was more obvious in the relatively short CTG expansions below 400 repeats ( γ =-0.661, P<0.001).
Instability and anticipation
In nine families consisted of two or more affected siblings, the CTG repeat expansion was not identical in size between sibships (Table 3, In the other family (family 4 in Fig. 3 ), the repeat size decreased from 440 in father to 160 in the son: the father in his mid-forties showed features of myotonic dystrophy, but the 26-yr-old son was asymptomatic.
DISCUSSION
In this study, 430 normal alleles were distributed with the highest peak at 12, and followed by 5 and 13 CTG repeats. The most frequent allele was different between Caucasians and Asians: five repeats is the most common in European, and 12 repeats in Japanese [7, 8] . In Koreans, a previous study reported the range of CTG repeats to be 5 to 34, and (CTG)11-14 as the predominant alleles [9] . Another study indicated 12 repeats as predominant [10] . Our result supports the difference between ethnicities in the allelic frequencies of CTG repeats.
Large normal alleles with more than 18 CTG repeats are not a pathologic cause in the individual, but have been considered as a reservoir of further expanded, disease-causing alleles in the successive generation [11] . The frequency of alleles with more than 18 CTG repeats differs according to ethnicity. Alleles of greater than 18 repeats were only
Characteristics of Korean DM1 Patients 489 1.4% in Taiwanese with low prevalence of DM1 [12] . In the Japanese population with relatively high prevalence of DM1, 9% harbored alleles with 18 or more repeats [13] . In this study, 4.2% of normal alleles carried between 18 and 31 CTG repeats. The frequency of large normal alleles may help predict the prevalence of DM1 in Koreans before conducting larger diagnostic molecular studies [14] .
Among 283 individuals referred for the molecular diagnosis, 124 patients were confirmed as DM1 through this study. One individual carried a premutation allele, and 158 patients harbored no expanded CTG repeats. Other myotonic disorders except DM1 can be the cause of observed phenotype in these patients: proximal myotonic myopathy (PR-OMM, myotonic dystrophy type 2) might be the most important one, and other myopathy or non-progressive myotonic disorders due to primary ion channel defects should be also considered in the differential diagnosis of DM1 [5] . The molecular tests diagnose patients with 100% accuracy, without overlap between normal alleles and expanded full penetrance alleles. In contrast, the clinical manifestations and their severity broadly correlate with the size of CTG repeat expansion [15] [16] [17] , but findings vary greatly between patients.
In addition, the late-onset character of DM1 sometimes makes it difficult to diagnose patients with early manifestations. In this study, myotonia and muscular weakness were the two most frequent and important symptoms. However, many patients carrying small expansions of 50-99 repeats (44.4%) were asymptomatic and the sole clue suspected as DM1 was the positive family history. Clinical myotonia was obvious in only 33.3% of them. Therefore, the presence of family history was emphasized through this study for the early diagnosis of asymptomatic patients.
Careful history taking, physical examination, and subsequent molecular testing will provide earlier and more accurate diagnosis for apparently asymptomatic or relatively young individuals.
Genotype-phenotype relationship in DM1 has been widely studied in many ethnicities, but few researches have been conducted in Korean patients. In the previous studies, CTG expansion was known to be correlated with diverse phenotypic findings such as age at onset, muscle disability, heart involvement, intelligence quotient, phosphate excretion and thyrotropin-releasing hormone, impaired glucose metabolism, and reduced immunoglobulin levels [5] . In this study, Anticipation, contraction, and genotypic differences within sibships are genetic phenomena of DM1 caused by instability of CTG repeat expansion. We assessed the intragenerational instability of expanded CTG repeats within sibships and observed genetic instability with little phenotypic variation, consistent with previous reports [18] . Anticipation, the phenomenon of increased repeat expansion and severe congenital phenotype in the successive generation, was significant in maternal alleles. Contraction occurred in one-third of paternal alleles, which was apparently more frequent than that in a previous report (10%) [19] . Trinucleotide repeat contraction can be a difficult issue in prenatal diagnosis and genetic counseling [20] . The magnitude of contraction differs between reported cases [21] , and contraction has even been reported from a pathologic expansion of 1,000 repeats back into the premutation range [8] .
In this study, no contraction occurred back into the range of non-disease causing alleles. For prenatal counseling and management of affected offspring, it is important to take into account that these genetic phenomena could be affected by the sex of the transmitting parent and could affect the genotype and phenotype of members of the successive generation.
Overall, the current molecular genetic test detected 124
Korean DM1 patients. Through this study, the molecular spectrum and clinical features were described in Korean patients and the genotype-phenotype correlation was investigated. The degree of anticipation, contraction, and insta- 
